The local buckling behaviour and ultimate cross-sectional strength of tubular elliptical profiles in compression is examined in this study through numerical modelling. The numerical models were first validated against previous experimental data with good agreement observed, enabling an extensive parametric study to be performed. A total of 270 elliptical sections were simulated in order to examine the influence of cross-section aspect ratio, geometric imperfections and local slendernesses. The obtained ultimate capacities, load-deformation responses and failure modes are discussed. It was found that for lower cross-section aspect ratios the behaviour of the elliptical hollow sections (EHS) was similar to that of cylindrical shells across a number of metrics; however, as the aspect ratio increased, more plate-like stable postbuckling behaviour was observed. Imperfection sensitivity was found to decrease with increasing slenderness and aspect ratio. The influence of the shape of the initial imperfection on the strengths of the EHS columns was also assessed and was found to be generally limited. Finally, a design method has been proposed for Class 4 EHS members that reflects the reduction in capacity due to local buckling with increasing slenderness, but also recognises the improved postbuckling stability with increasing aspect ratio; the proposals were shown to provide safe and accurate predictions for the strengths of the EHS columns with nondimensional local slendernesses up to 2.5 and aspect ratios from 2 1.1 to 5.0.
Introduction
In recent years, structural steel elliptical hollow section (EHS) members have attracted increased research focus. This can be attributed to their introduction and availability as hot-finished products [1] , their aesthetic properties, which have led to their use in high-profile projects such as Heathrow Terminal 5, and their enhanced flexural properties about the major principal axis compared to CHS tubes [2] . Research into the structural response of EHS tubes has included testing, numerical modelling and the development of design rules for cross-sections in compression and bending [3] [4] [5] , analysis of the buckling response of EHS columns [6] , stainless steel EHS columns [7] , EHS columns in fire [8] , concrete-filled columns [9] [10] [11] [12] , beams [13] and beam-columns [14] , and the behaviour of members in shear [15] .
The focus of the present investigation is on the behaviour and strength of slender EHS tubes under compression. Potential applications of such members include aesthetic lightweight cladding rails, mullion posts and concrete-filled steel tubes in composite construction. A number of the current range of hot-finished elliptical hollow sections [16] , which have been used in a range of structural applications, as outlined in [17] , are Class 4 in compression.
Cold-formed elliptical sections are also produced from both structural carbon steel [18] and stainless steel [7, 19] , and are often of slender proportions. Although cold-formed profiles are not specifically addressed in the present study, it is envisaged that the findings and proposed design approach also apply to these sections since the level of local geometric imperfections in cold-formed and hot-finished tubular sections are generally similar [20] and the dominant through-thickness residual stresses in cold-formed tubular sections have been shown to not have a strong influence on their local stability [21] . The above assertions should however be verified in future research, and if necessary, lower strength curves can be assigned to 4 cold-formed sections through the use of a higher imperfection factor (see Section 4) .
Early studies of elastic local buckling and postbuckling of elliptical hollow sections were reported by [22] [23] [24] , while more recent work has been reported by [2, 25, 26] . A key finding of these investigations is that, in contrast to CHS tubes, EHS tubes in compression can have stable postbuckling responses and may therefore be able to resist further load beyond the elastic buckling load. Previous numerical studies [25] into the elastic local postbuckling behaviour of EHS columns led to the following conclusions: i) the maximum stress that a fully-elastic EHS tube with a moderate to high aspect ratio (a/b ≥ 2.0) could carry is higher than its critical buckling stress f cr due to the stable postbuckling response, where 2a and 2b are the larger and smaller outer diameters of the EHS, respectively, as shown in Figure 1 . The slope of the ascending post-peak equilibrium path increased with increasing aspect ratio a/b and could reach up to 40% of the initial slope of the linear primary path; ii) concentrated zones of compressive stress in an EHS column were located near the point of minimum radius of curvature (akin to the edges of simply-supported plates), while the zones of maximum radius of curvature experienced an approximately uniform and relatively low compressive stress level; iii) the imperfection sensitivity significantly decreased with increasing aspect ratio a/b, representing a transition from shell-type behaviour (imperfection sensitive) for EHS columns with low a/b ratios to plate-type behaviour (imperfection insensitive) with increasing a/b ratios. These observations suggest that strength curves for elliptical sections may need to be both a function of local slenderness to allow for the increased susceptibility to local buckling and cross-sectional aspect ratio a/b to reflect the differing postbuckling stability. The present study explores the buckling, postbuckling and collapse responses of slender elliptical cross-sections in compression with elastic-plastic material behaviour. 5 Firstly, the development and validation of a numerical model to simulate the response of EHS in compression is described. After achieving satisfactory agreement between the numerical results generated herein and previous experimental results, the axial compressive response of EHS stub columns with aspect ratios ranging from 1.1 to 5.0 is examined. Other parameters varied in the study include local buckling slenderness, imperfection amplitude and imperfection shape. The results of the parametric study are used as a basis for the formulation of new strength and effective area reduction curves for the design of Class 4 EHS compression members. Comparisons are made with existing provisions from Eurocode 3 for the design of CHS tubes. Thus, the objectives of the present study can be summarised: i) to establish a database of resistances of slender elliptical cross-sections in compression; ii) to assess the influences of various design parameters on these resistances; iii) to assess the suitability of current design provisions for Class 4 CHS for the design of EHS; iv) propose new design rules for the design of Class 4 EHS in compression.
Development and validation of numerical model
In this section, the modelling strategy used to simulate the EHS stub columns in compression is described, followed by the validation of the model against previous experiments.
Description of finite element model

Geometry
A numerical model was developed using the finite element analysis software ABAQUS [27] .
Five different aspect ratios were considered, namely, a/b = 1.1, 1.5, 2.0, 3.0 and 5.0. The reference geometry is based on the commercially-available 300 × 150 series of elliptical sections with a/b = 2.0. The cross-sectional geometry for the other four aspect ratios was 6 based on maintaining a constant perimeter P of 726.3 mm. It was found previously that length effects are reduced in EHS with higher aspect ratios [2] ; a length effect coefficient proposed by [2] was used in the present study to define suitable lengths for the EHS models so that length effects were minimised, while also ensuring that global buckling was precluded.
Meshing
The EHS tubes were meshed using 4-node isoparametric reduced-integration S4R shell elements with a characteristic (approximately square) element size of 9 mm, resulting in the EHS stub columns being discretised into 80 elements around the perimeter. This mesh density was found previously to capture the local behaviour of EHS shells adequately [25] .
Boundary conditions
Rigid plates were attached to the end sections of the stub columns using tie constraints. These rigid end plates were modelled by means of 3-node R3D3 finite elements. Fully-fixed boundary conditions were imposed on one end plate, while a compressive axial load was applied at the centroid of the other rigid end plate, on which all degrees-of-freedom except longitudinal displacement were fixed.
Analysis procedure
Each simulation was conducted in two steps. The first step was a linear eigenvalue analysis from which the elastic buckling stress for each buckling mode was obtained, with the critical buckling stress f cr being that associated with the first valid buckling mode (see Section 2.1.6).
The mode shape provided the form of the initial imperfection for the second step, a Riks arclength continuation analysis, which simulated the nonlinear behaviour of the EHS up to 7 and beyond the ultimate load. The sensitivity of the system to initial imperfections was assessed by running simulations with three different imperfection amplitudes for each combination of cross-section and yield stress.
Material modelling
For the linear eigenvalue analyses, the stub column material was assumed to be homogeneous, isotropic and linearly-elastic with a Young's modulus of 216400 MPa in keeping with the experimental observations of [4] and a Poisson's ratio of 0.3. For the Riks analyses, elastic-perfectly plastic material models were adopted, with three different yield stresses considered for each aspect ratio. No residual stresses were included in the numerical analyses since they have been found to be of very low magnitude in hot-finished elliptical tubes [4, 5] .
While residual stresses in cold-formed steel might be significant if the folding radius is small, which is the case of open cold-formed sections, this is not the case in commercial EHS tubes [28] . If residual stresses were to be modelled, this could be achieved by imposing a through-thickness temperature variation, so that the inner surface of the tube is in circumferential compression while the outer surface of the tube is in tension.
Geometric imperfections
Owing to the limited data available on geometric imperfections in EHS tubes, the mode shapes considered in this paper are based on previous guidance [25] whereby the mode shape was assumed to be symmetric about the principal axes with an odd number of longitudinal half-waves along the column length and with the point of maximum local radius of curvature (where buckling initiates) at mid-span assumed to move inward. Considering the elastic buckling mode shapes shown in Figure 2 , it can be observed that for the same tube thickness, EHS tubes with higher aspect ratios tend to have fewer half-waves along the member length. 8 Also, thinner sections tend to have more half-waves, which can lead to unrealistic imperfection shapes being predicted for sections with low aspect ratios and very thin walls [25] . Appropriate wall thickness values t imp were selected for different sections in order to obtain realistic mode shapes to be used as initial imperfections; the values of t imp are given in Table 1 . In the interests of consistency, the same mode shapes were applied to sections with the same aspect ratio and length. A further justification for using a consistent imperfection shape for the same aspect ratio is that EHS members of the same aspect ratio but various thicknesseses are formed using the same fabrication process, which would be expected to lead to similar initial imperfection shapes. The influence of including alternative initial imperfection shapes is discussed in Section 3.5. The imperfection amplitudes w were calculated using an expression modified from clause D. 
where r eq = (a 2 /b) and t are the equivalent radius and thickness of the elliptical shell, respectively, and Q is a fabrication quality parameter. In the present study, three different levels of initial imperfection amplitude were considered, namely, w = 0.1t, Q = 40 (Class A -excellent quality), and Q = 25 (Class B -high quality). Upon comparison of previous measurements [4] of geometric imperfections of hot-finished EHS tubes with these different levels of imperfection, it was found that the Class A imperfections provided an upper bound to the measured values and can be assumed to represent a level of imperfection amplitude suitable for the design of hot-finished EHS. 9 
Validation of numerical model
Results from an experimental investigation [4] into the behaviour and strength of hot-finished EHS stub columns were used to validate the numerical model. The three most slender cross-sections tested by [4] were selected for comparison: 150×75×4 EHS, 400×200×8 EHS and 500×250×8 EHS. The ultimate-to-yield stress (f u /f y ) ratios for the selected specimens ranged between 0.95 and 0.99, suggesting that they were Class 4 cross-sections.
The cross-sectional dimensions, lengths, steel properties and maximum imperfection amplitudes measured by [4] were used in the validation study. Two specimens of each cross-section were tested, but since the difference between the geometry of the respective specimens was small (the maximum differences of geometric dimensions and material properties were 1.0% and 3.0%, respectively), average properties were used for each section in the numerical model. The typical predicted failure mode for the 150×75×4 EHS stub columns is compared with the corresponding deformed test specimen in Figure 3 , while the numerical and experimental load-end shortening responses of the EHS columns are compared in Figure 4 . In general, good agreement between the experimental and numerical results was observed when considering the deformation mode, initial stiffness, ultimate load (P u ), and general load-end shortening response. It can be seen that the load-end shortening responses remain linear up to the ultimate load. A comparison of the test results and the FE predictions for the ultimate load is given in Table 2 , with a maximum error of 3.9%. A slight discrepancy is found in the post-peak descending load path, but the overall trend is still well captured. In general, the simulation of the test results is found to be satisfactory, enabling an extensive parametric study to be conducted. 10 
Numerical parametric study
Having shown that good agreement exists between the predictions of the FE model and the experimental results of [4] , a parametric study was conducted that examined the influences of a number of key variables. In this section, the parameters varied in the study and the subsequent results obtained are presented and discussed.
Parameters for numerical studies
A range of nondimensionalised local buckling slendernesses   , as defined by Eq. (2), was considered by varying the thickness t and yield strength f y of the EHS across the five examined aspect ratios.
where f cr is the elastic critical local buckling stress, which was determined from:
where D eq = 2r eq = 2(a 2 /b) is the equivalent diameter of the EHS under pure compression.
Since the focus of this study is on the behaviour and strength of slender cross-sections, the selected EHS geometries were mainly Class 4. An elliptical hollow section can be classified as Class 4 if it satisfies the following condition, which was formulated by [3] for EHS columns based on the EN 1993-1-1 [30] classification limits for CHS columns:
which for, E = 216400 MPa [4] , corresponds to a local slenderness requirement for a Class 4 EHS of   > 0.284, while for E = 210000 MPa [30] , the corresponding limiting slenderness is 0.288. The thickness t, yield strength f y , critical buckling stress f cr from linear eigenvalue 11 analysis, slenderness   and imperfection amplitude Δw for the 270 cases (five aspect ratios × six thicknesses × three yield strengths × three imperfection classes) simulated in the parametric study are given in Table 3 . In order to cover a large range of local slendernesses up to a maximum of   = 2.5, in some cases the considered yield strength f y and wall thicknesses were beyond the practical range.
Failure modes
A summary of the various failure modes encountered in the parametric study is shown in Figure 5 . There was good agreement observed between the failure modes determined from the numerical analysis and those observed in the test specimens in [4] . There was also good correlation with the predicted failure modes in [31] , where four deformation modes were identified: i) the shell-like "elephant foot" (EF) mechanism which is more prevalent for small imperfection amplitudes, with outward bulges forming a concertina; ii) the shell-like Yoshimura (Y) mechanism, with sequential folding at mid-height, which occurs for imperfection modes with inward displacements at mid-height; iii) the plate-like flip disc (FD) and iv) split flip disc (SFD) mechanisms, which are inward-facing with two parabolic hinge lines folding inwards and outwards, respectively [32] . These latter two mechanisms are most likely to occur in EHS with imperfection amplitudes typically found in practice. For sections with an aspect ratio of 1.1, the failure modes tended to be either the EF mechanism for stockier sections or a superposition of the EF and FD mechanisms as the slenderness increased, i.e, with increasing yield stress or thinner tube walls. For a/b = 1.5 and a low yield strength, a combined FD and EF mechanism occurred with the FD mechanism being more prominent at mid-height while the EF mechanism appeared at the section ends. For higher yield strengths, the Y mechanism was observed with sequential folding and crushing of the stiff corners occurring at mid-height. This observation is coherent with the findings of [31] 12 since the imperfection shape was symmetrical with a relatively large inward displacement at mid-height. For a/b = 2.0 and a low yield strength, the FD mechanism was found to occur at mid-height, while for a high yield strength a Y mechanism generally occurred, as for sections with a/b = 1.5. For sections with high aspect ratios equal to 3.0 and 5.0, plate-like collapse mechanisms (FD or SFD) are expected; however, the observed mechanisms generally featured a superposition of the Y and the FD mechanisms: the inward FD deformation occurs along with the sequential folding and crushing of the stiff corners typical of the Y mechanism.
It should be noted that for a/b = 5.0, the plate-like FD mechanism becomes more dominant, with only one fold forming at mid-height.
Load-displacement behaviour
The load-end shortening curves obtained from the FE models are presented in normalised form (f/f cr vs. e/e cr , where e is the end shortening and e cr is the end shortening at the elastic buckling stress f cr obtained from a linear eigenvalue analysis) in Figures 6 to 10 for each of the five considered cross-section aspect ratios. For each aspect ratio, curves are given for three thicknesses (t = 8.7 mm, 2.1 mm and 1.0 mm) in order to present results for a range of slendernesses. It can be seen how the postbuckling behaviour is influenced by the aspect ratio and also by the slenderness of the cross-sections. In the following discussion, f u is the maximum average stress resisted by the cross-section, while f b is the average stress at the point at which buckling initiates. In specimens exhibiting a stable postbuckling response, f u > f b (and in some cases, f u > f cr ). In specimens exhibiting a weak or unstable postbuckling response where load carrying capacity is diminished after the initiation of buckling, f u < f b .
For the lowest aspect ratio of 1.1, the behaviour resembles that of cylindrical shells, in that there exists an unstable postbuckling response where load carrying capacity is compromised for all but the highest slendernesses. For the stockier sections, less imperfection sensitivity is 13 observed, but as the slenderness increases, imperfection sensitivity is increased. For a/b = 1.5, the postbuckling response is more dependent on the slenderness. For stockier sections, i.e., with greater wall thickness or lower yield strength, the response tends to be unstable; however, as the slenderness increases, there is a tendency for the response to regain stability after some unloading, with an ultimate load greater than the buckling load for the most slender cases. Imperfection sensitivity is more readily apparent in the stocky sections. For a/b = 2.0, for the lowest slendernesses, the response is still unstable, but as the slenderness increases the stable postbuckling response is stronger than for the lower aspect ratios. sections, which is to be expected since the yield strength was not sufficient to maintain a stable postbuckling response and unloading was observed. Overall however, the trend of reduced imperfection sensitivity with increasing slenderness can be observed. In summary, the overall trends that can be observed from the load-displacement graphs are: i) increasing stability of the postbuckling response, and thus greater normalised load-carrying capacity, with increasing aspect ratio; ii) increasing stability of the postbuckling response with increasing local slenderness; iii) decreasing imperfection sensitivity with increasing slenderness. 14 
Strength reduction
The reduction in strength of the EHS stub columns is characterised by the ultimate-to-yield stress ratio  = f u /f y , or in terms of loads,  = P u /P y , where P u is the maximum load obtained by the stub columns and P y is the yield load. It has been shown previously [25] that fully-elastic EHS with higher aspect ratios in compression exhibit more plate-like postbuckling behaviour, while it can be seen from the discussion in Section 3.3 that EHS with lower aspect ratios display behaviour more similar to cylindrical shells. Owing to the redistribution of compressive stresses in the postbuckling range from the areas of lower local curvature where local buckling is the most severe towards the areas of the elliptical sections with higher local curvature, the concept of a 'loss of effectiveness' can be adopted as the basic design approach. Thus, the effective area A eff of the elliptical section can be obtained from:
When considering perfect elastic buckling, the buckling curve is given by:
The current provisions of EN 1993-1-6 [29] for the local buckling reduction factor of Class 4 CHS columns are: Given that expressions for the design of Class 4 EHS do not exist at present, one possible approach to extending the provisions of EN 1993-1-6 [29] to EHS members is to apply the equivalent diameter concept to Eq. (7); however, this approach neglects the stable postbuckling response and reduced imperfection sensitivity exhibited by sections with higher aspect ratios. In Section 4, the results of the parametric study are used as a basis to formulate design rules that take these factors into account more comprehensively.
In Figures 11 to 15 , comparisons are made between the strength reduction (f u /f y ) results from the parametric study (shown by solid markers) for the various aspect ratios and the CHS curves using the EHS equivalent diameters (shown by hollow markers), the Winter curve (shown by solid lines), the elastic buckling curve (shown by dashed lines) and the proposed design curves outlined in Section 4. From the plots of strength reduction factor against slenderness, it can be observed that as the slenderness increases, the strength of the sections with higher aspect ratios is maintained more effectively than those with lower aspect ratios, particularly for specimens with the larger, Class B, imperfections. This is an indication that the behaviour of the elliptical sections with higher aspect ratios is tending towards more plate-like behaviour, as represented by the Winter curve. Additionally, it can be seen upon 16 examination of the spread of results between the three imperfection classes that imperfection sensitivity is considerably lower in the sections with the higher aspect ratios, despite the Class A and Class B imperfections being rather high for some sections. These two observations are commensurate with the findings of [31] . It is also confirmed from examination of the graphs that the CHS curves using the equivalent EHS diameters are overly conservative and wrongly predict significant imperfection sensitivity for sections with high aspect ratios. This is not a shortcoming of the existing curves, but simply a reflection of the fact that they are intended for CHS and therefore do not capture the increasing postbuckling stability of EHS with increasing aspect ratios. The local buckling reduction factors for the EHS with high aspect ratios, a/b = 5, are higher than those with low aspect ratios but still fall short of the Winter curve. It is likely that, for closer convergence to be achieved, the aspect ratio of the EHS member would have to become unrealistically high, such that the geometry of the ellipse along the major axis would more closely approximate the zero-curvature of a flat plate. Nonetheless, the improving postbuckling stability with increasing a/b ratios is clear, and should be reflected in the design approach -see Section 4.
Influence of initial imperfection shape
In order to assess the influence of different initial imperfection mode shapes on the ultimate loads of the EHS stub columns, a comparison was conducted between the results of the main parametric study and similar numerical simulations conducted using alternative initial imperfection mode shapes. Firstly, the alternative imperfection shapes were such that the initial deformation was outwards at the mid-length of the specimens. Also, the wall thickness used in the linear eigenvalue analysis to determine the alternative mode shapes was fixed at 8 mm; this led to fewer longitudinal half-waves being present than would be the case if thinner sections were used. The alternative mode shapes were included in the nonlinear analyses with an imperfection amplitude of 0.1t. The results of the comparison are summarised in Figure 16 .
It can be seen that in the majority of cases the ratio between the ultimate stresses from the main parametric study f u,1 and those from applying the alternative imperfection shapes f u,2 is quite close to unity, suggesting that, in general, the form of the imperfection mode shape does not have a substantial influence on the ultimate strength. A more significant result of the comparison is that f u,1 / f u,2 < 1 for the vast majority of cases, with a minimum value of 0.8, which suggests that selecting imperfection shapes with inward deformations at the mid-length, as used in the main parametric study, leads to more conservative predictions for ultimate strength.
Proposed design method
In this section, the results of the main parametric study are used to define design strength reduction curves for Class 4 EHS in compression. The strength reduction curves were calibrated for each of the aspect ratios examined in the study, using the existing CHS design rules from EN 1993-1-6 [29] as a basis, and are given in Eqs. (11) to (19) . 
The key features of the proposed design curves are: i) as was shown in Section 3.1, a cross-sectional slenderness limit of 90 (with E = 210000 MPa as specified in EN 1993-1-1
[30]) corresponds to a limiting local buckling slenderness of   = 0.288, therefore for local buckling slendernesses less than 0.288, the sections can be assumed to be fully effective and  = 1; ii) similarly to the CHS design curves, the proposed formulae contain a linear portion  1 and a curved portion  2 . Reflecting the results of the parametric study, the range of the linear portion diminishes with increasing aspect ratio; iii) the modified imperfection factor ' takes into account the reduced imperfection sensitivity of sections with higher aspect ratios.
The results of the parametric study are compared to the design proposal in Figures 11 to 15 for the five different cross-section aspect ratios examined, while a summary of the design curves for the five different aspect ratios investigated in the present study is shown in Figure   17 , where Class A levels of imperfection amplitudes have been applied.
In Figures 18 to 22 
Conclusions
The local buckling and ultimate strength of Class 4 elliptical hollow sections (EHS) in compression have been investigated using numerical methods. Numerical models were first validated against previous experimental results, after which an extensive parametric study was conducted. The parametric study included elliptical sections with aspect ratios from 1. It was found, upon examination of the numerical results that EHS with low aspect ratios displayed behaviour more akin to cylindrical shells, in that an unstable postbuckling response was observed along with noticeable imperfection sensitivity, while sections with higher aspect ratios exhibited more plate-like behaviour, with ultimate strengths often exceeding the elastic buckling stress. A general corresponding transition in failure mechanisms was also observed, changing from elephant foot and Yoshimura modes for low 20 aspect ratios to flip-disc and split flip-disc modes for high aspect ratios.
Finally, a design method has been proposed for Class 4 EHS members that reflects the reduction in capacity due to local buckling with increasing slenderness, but also recognises the improved postbuckling stability with increasing aspect ratio; the proposals were shown to provide safe and accurate predictions for the strengths of the EHS columns with nondimensional local slendernesses up to 2.5 and aspect ratios from 1.1 to 5.0. Comparisons were also made with the approach of using an equivalent diameter with the Class 4 CHS design curves from EN 1993-1-6 [29] , but failure to capture the improving postbuckling stability with increasing aspect ratio led to overly conservative results.
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Example 2
In the second example, the design resistance of one of the experimental specimens used in the validation study is to be determined. Specimen number 3 is a 500 × 250 × 8 EHS member, with a modulus of elasticity E = 216400 MPa and a yield strength f y = 413 MPa [4] .
The cross-sectional slenderness of the section is 219, so the section is indeed Class 4.
The imperfection amplitude w  = 1.58 mm.
The imperfection factor ' = 0.580. Figure 16 Plot of ratios of ultimate load from the main parametric study f u,1 to ultimate loads calculated using alternative imperfection mode shape f u,2 against slenderness Figure 17 Summary of proposed design strength reduction curves for Class 4 EHS members in compression (Class A imperfections) Figure 18 Comparison of ratios of numerical ultimate load to design ultimate load for proposed EHS design method and equivalent diameter CHS design method for a/b = 1.1 (Class A imperfections) Figure 19 Comparison of ratios of numerical ultimate load to design ultimate load for proposed EHS design method and equivalent diameter CHS design method for a/b = 1.5 (Class A imperfections) Figure 20 Comparison of ratios of numerical ultimate load to design ultimate load for proposed EHS design method and equivalent diameter CHS design method for a/b = 2.0 (Class A imperfections) Figure 21 Comparison of ratios of numerical ultimate load to design ultimate load for proposed EHS design method and equivalent diameter CHS design method for a/b = 3.0 (Class A imperfections) Figure 22 Comparison of ratios of numerical ultimate load to design ultimate load for proposed EHS design method and equivalent diameter CHS design method for a/b = 5.0 (Class A imperfections) 27 Figure 1 Table 3 Section series t (mm) 
